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1
. $(\forall,\exists)$
(quantifier elimination, QE) .
QE $[9, 10]$ .
Maple ($fir\epsilon t$-order formula over $the\sim$)




(quantifier-free formula) $T$ .
(QE) $T$
(elementary $th\infty ry$ of real cloed field8)
. quanti er-free
($\vee,$ $\wedge,$ $\neg,$ $\Rightarrow,$ $\Leftrightarrow$ )
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(atomic formula)
QE . A. Tarski
Tarski 1930 quantifier elimination Tarski QE
) 1). 1975 G. E. Collins Cylindrical Algebraic Decomposition




QECAD general QE .
QE
. $spae\ddagger al$ QE special QE
3 QE by Virtual Substitution
$sp\infty ial$ QE (quanti er elimination by
virutual substitution, QEVS) . 1980
V. WeisPfenning [3] . [4, 8, 5]
$Qx\varphi(p_{1}, \ldots,p_{m},x)$ , (1)
$Q\in t\forall,$ $\exists$ }.
$Q_{1}x_{1}\cdots Q_{R}x_{\hslash}\varphi(p_{1}, \ldots,p_{m},x_{1},\ldots,x_{n})$ (2)
$Q_{n}x_{n}$ . 1 1
. (1) $Q=\forall$ $\forall x\varphi(x)\Leftrightarrow\neg(\exists x\neg\varphi(x))$
quantifier-free $\neg\varphi(x)$ $\vdash$ .
$\exists x\varphi(p_{1}, \ldots,p_{m},x)$ (3)
(2) .
(3) quanti er-free
. WeisPfenning $x$ $S$
$\exists x\varphi(x)\Leftrightarrow\iota\epsilon s\vee\varphi(x\parallel t)$ (4)
2). $S$ $\exists x\varphi(x)$ elimlnation set .
elimination set . $S$ , $|S|$
[3, 4, 8, 5] .
$\iota)q_{br8}ki$ elementary recursive , .
$2)_{\varphi(x}//t)$ $\varphi(x)$ $x$ $t$ ( ) .
2
4
QEVS (4) quanti er-
free $S$) $\vee$
quantifier-free quanti er-free .













$t,$ $r,$ $l$ $0,1,2$ . t0r0l2
5)
$F_{n}=\exists x_{1}\cdots\exists x_{n}(m<a_{1}x_{1}+a_{2}x_{2}+\cdots+a_{n}x_{n}<M)$ (5)
. $\wedge$
$6$ ) QE $F_{n}$
$F_{n}$ $\Leftrightarrow$ $(a_{1}\neq 0\wedge m<M)$
V $(a_{1}=0\wedge a_{2}\neq 0\wedge m<M)$
$\vee\cdots$
V $(a_{1}=0\wedge\cdots\wedge a_{n-1}=0\wedge a_{\mathfrak{n}}\neq 0\wedge m<M)$
V($a_{1}=0\wedge\cdots\wedge a_{n-1}=0\wedge a_{n}=0$ A $m<0$ A $0<M$)
.
$s)_{S}$ .
$4)_{qunnti}$ \alpha --- V $\wedge$ .
i) . 2( $qu*ntiflor$-Ato ) $l2$ (
) .
$6)_{m<f<M}$ $m<f\wedge f<M$ .
3
5
(5) $F_{1}$ $F_{1S}$ SyNRAC QE .
Pentium IV 380 GHz CPU, 1.99 GB RAM . $tOr0l2$ ,
t0r $1l2,$ $t1$ r0l2, t0r$2l0,$ $t2$r0l2 5 quantifier-free
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